tices (p = 0.017). In addition, knowledge, attitude and level of education were positively and significantly associated with practices (p ! 0.005). Conclusions: Our study showed that caregivers had weak knowledge and practice in relation to the oral health of preschool children. Mothers and caregivers with higher education had better knowledge and practices. Education and attitude appeared to be favorable indicators of the caregivers' practices with regard to the oral health of their preschool children.
relations between untreated S-ECC and failure to thrive, delayed social and intellectual development and impaired oral health-related quality of life [2] . Early childhood caries (ECC) is a multifactorial disease with an etiology that involves a complex interaction between biological, social and economic factors [3] [4] [5] [6] [7] [8] [9] [10] . The disease remains highly prevalent among ethnic minorities and populations with certain disadvantaged family characteristics in many parts of the world [8, 9] . Factors such as social deprivation, income inequality and poor social cohesion have been linked to increased caries prevalence [8, 9] . It is estimated that almost one quarter of ethnic minority and underprivileged children between the ages of 2 and 5 in the United States have had caries and that close to 20% of children in the same age group have untreated caries [11] . In less developed parts of the world, the disease prevalence pattern and the complex interaction between dental health and social and economic factors remains understudied. The western model of ECC dynamics, etiology and prevalence may, therefore, not be fully applicable to these countries. An example of this is Kuwait, an oil-rich state with high health care standards, no perceived difficulties with access to care, and a well-developed extended family network and support system with prevalent social cohesion; yet caries remains to be a significant problem among children in Kuwait. Currently, there are no well-designed, nationwide epidemiological studies assessing the prevalence of ECC, S-ECC or untreated dental disease among children under 6 years of age in Kuwait. However, some data could be extracted from the national oral health surveys conducted in the 1980s, 1990s and 2000s [12] [13] [14] [15] [16] [17] . The percentage of 5-year-old children in Kuwait who are free of dental caries increased from 20.6% in 1982 to 30.4% in 1985, but decreased to 12.6% in 2000. Moreover, the mean dmf scores of 6-year-olds increased from 3.9 in 1985 to 4.6 in 2000 [12] [13] [14] [15] [16] [17] . Drinking water has been nonfluoridated since the early 1990s. Local efforts in managing the disease burden among preschool children in Kuwait have focused primarily on improving access to care at community clinics and periodic fluoride varnish application for kindergarten children. However, such strategies have failed to control the disease prevalence. Recent child oral health literature has emphasized the role of caregivers in oral health and disease prevention [7, [18] [19] [20] [21] [22] . There is strong evidence linking the health literacy of caregivers, defined as the comprehension and effective use of health information in making health choices, to early childhood health-related behaviors. Improving health literacy in a population should be looked at as a desired outcome to a successful health promotion program. Such outcomes involve more than health information transmission. The social and economic factors of the population need be taken into consideration [9, 10, [18] [19] [20] 23] . Therefore, developing an effective oral health promotion strategy in any given community must be based on an in-depth understanding of the unique needs of the population. A simple assessment of the knowledge, attitude and practice (behavior) levels may be the first step in identifying areas of weakness. Thus, the aims of this study were to assess the level of the knowledge, attitudes and practices of caregivers in Kuwait with regard to the oral health of preschool children.
Subjects and Methods
This was a cross-sectional study conducted using an anonymous self-administered questionnaire on a sample of 334 caregivers from Kuwait. The study took place at vaccination centers from all six geographic districts of Kuwait. The inclusion criterion was being a caregiver for a preschool child (under 6 years of age). A total of 334 caregivers were invited to participate. Given an alpha of 0.05, an effective size of 0.10 and four predictors, statistical power with a sample of 200 was determined to be 0.98. Therefore, with a sample of 334, statistical power was high at 0.98. The questionnaire used in this study was developed by the primary investigator (F.A.) and was written in Arabic. It included 18 questions assessing the knowledge, attitudes and practices of caregivers towards the oral health of their preschool children as well as some demographic questions. The questionnaire was piloted before the start of the study. Some questions were then reworded to improve clarity. A response matrix with the correct knowledge and the ideal attitude and practice answers were prepared using the 2011 American Academy of Pediatric Dentistry guidelines as well as consensus in the current pediatric dental literature with regard to early childhood (infant and preschool) oral health [1, 2, 4, 7, 18] . The responses were then rated as either consistent or inconsistent with the answers in that matrix. Data were descriptively analyzed, and a 2 test was used to determine the relationship between the individual knowledge, attitude and practice questions and the sociodemographic characteristics of the participants. An independent t test and ANOVA were also used to determine whether the overall knowledge, attitudes and practices varied across different sociodemographic variables. A stepwise linear regression procedure was conducted to determine the relationship between education, knowledge, attitude and practice. The level of significance in this study was chosen at p ^ 0.05. SPSS version 17.0 (SPSS Inc., Chicago, Ill., USA) was used for the data analysis.
Results
All 334 questionnaires were completed and returned by the participants from all six geographic districts of Kuwait, thereby giving a response rate of 100%. Of the 334 participants, 234 (70%) were between 20 and 40 years of age. In addition, 115 (34%) had a university degree or higher, 171 (51%) had a monthly income of KD 1,000 (approx. USD 3,300) or higher, 182 (54%) were mothers and 223 (67%) had between 2 and 5 children. Also, 273 (82%) completed the questionnaire while on a vaccination visit for a child between 2 and 5 years of age ( table 1 ) .
Knowledge
The overall mean knowledge score was 4.68 8 1.87 (range 0-9). Mothers had significantly better overall knowledge scores than fathers and other caregivers (p ! 0.001). In addition, participants with a university educational level or higher had significantly better overall knowledge scores than less educated participants (p = 0.003).
The percentage of participants who answered correctly for individual knowledge questions is shown in figure 1 . When asked about food cariogenicity and the importance of fluorides in caries prevention, 304 (91.3%) of the participants answered correctly. However, only 82 (24.6%) were aware of the right time to start brushing a child's teeth and the ideal time for the first dental visit. Older participants ( 1 40 years of age) had significantly better knowledge in areas such as the effect of untreated caries on growth (p = 0.020), while younger participants had significantly better knowledge with regard to the ideal timing for the child's first dental visit (p = 0.011). Additionally, mothers of children aged 0-1 years had significantly better knowledge with regard to the ideal time to start brushing a child's teeth (p = 0.000)
Attitudes
The overall mean attitude score was 4.34 8 0.88 (range 0-5). The overall attitude scores were not significantly associated with the demographic variables recorded in this study. The percentage of participants who correctly answered individual attitude questions is shown in figure 1 . The more educated participants had a significantly better appreciation of the importance of baby teeth (p = 0.035). Also, mothers had a better appreciation of the importance of regular dental visits compared to other caregivers (p = 0.000).
Practices
The overall mean practice score was 2.45 8 0.99 (range 0-4). The education level of the caregiver had a significant effect on their practices (p = 0.017). Participants who did not complete a high school education had lower mean practice scores than those with a higher edu-cation. An analysis of the practice scores for individual questions ( fig. 1 ) showed that 250 (75%) of the participants exposed their preschool child to no more than 3 sugar attacks per day, and 267 (80%) indicated that the frequency of brushing their child's teeth was 2-3 times a day. However, it was interesting to note that 146 (44%) of the children had their teeth brushed by a caregiver other than a parent. In addition, 126 (37%) reported that the child's first dental visit was before the age of 3. The parents with more than 5 children were significantly less likely to limit daily sugar exposures (p = 0.021), brush the child's teeth 2-3 times a day (p = 0.030) or take the child to the dentist before the age of 3 (p = 0.00). Older ( 1 40 years of age) caregivers were more committed to having their child's teeth brushed by a parent (p = 0.040). On the other hand, the caregivers of younger children (0-1 years) were more likely to take their children to the dentist before the age of 3 (p = 0.000).
Factors Associated with Good Practices
Education, attitude and knowledge were positively and significantly related to the practices of the caregivers regarding the oral health of preschool children [F(4, 329) = 12.68, p = 0.001, R 2 = 0.134]. Having a university degree or higher ( ␤ = 0.21, p = 0.002) and having a positive attitude ( ␤ = 0.21, p ! 0.001) had the strongest association with good practice, followed by having a high school degree as the highest educational level ( ␤ = 0.19, p = 0.005). Knowledge, however, had the weakest association with practice compared to the predictors mentioned above ( ␤ = 0.15, p = 0.007).
Discussion
This study aimed to assess the knowledge, attitudes and practices in relation to the oral health of preschool children among caregivers in Kuwait. The study results showed that the education and attitude of the caregivers strongly correlated with the practices and confirmed the findings of earlier studies [3, 6, [17] [18] [19] [20] . Knowledge, however, was weakly correlated with practice, confirming earlier findings, which suggested that changing healthrelated behaviors takes more than just improving knowledge [7, 12, 22] . Social, economic and environmental factors play a substantial role in shaping people's behavior and translating this knowledge into positive health choices and practices [7] . In addition, the results of this study highlighted some general trends that were not always statistically significant but yet are worth noting. The first was a general weakness in the knowledge, attitude and practice in infant oral health-related areas such as the timing for the first dental visit, the ideal timing to initiate tooth brushing for children, as well as nighttime bottle feeding. Better infant oral health-related trends, however, were observed with younger caregivers and caregivers of children under 1 year. This is possibly due to higher educational levels among the younger group. Additionally, younger parents have generally better computer/internet literacy and would therefore have wider access to a variety of oral health-related knowledge. The second observed trend was that mothers, compared to other caregivers, were generally more knowledgeable, had better attitude, but did not necessarily have better practices. This may be due to the fact that mothers are usually more involved with the daily care of their children compared to other caregivers.
The results of this study identified some areas of strength and weakness in the knowledge of caregivers. The majority of the participants were knowledgeable about the cariogenicity of sugary food and the preventive effect of fluoride, concepts that are repeatedly being reinforced in the media and in local health care setups. Knowledge with regard to infant oral health-related concepts was much weaker, possibly due to the fact that, in Kuwait, infant oral health-related messages are rarely encountered in the local media or local health care setups as findings in the UK [17] and Hong Kong [20] have shown. This is in contrast to studies with Canadian mothers [18] . This discrepancy may be due to a greater emphasis on infant oral health-related concepts, and the risks of untreated ECC, in oral health promotion and prenatal oral health education programs in North America (USA and Canada) than in many other parts of the world [2, 4, 7, 18] . The majority of our study participants exhibited a positive attitude towards concepts they had good knowledge about. In relation to less familiar concepts such as the importance of baby teeth and having a 'dental home', attitudes appeared to be less positive. Support for these findings may be found in studies from Hong Kong [17] and Iran [19] , whilst more positive results were reported from Canada [18] , with participants exhibiting more proactive attitudes towards the importance of baby teeth.
The results of this study highlighted serious weaknesses in the practices of the caregivers. Although most participants reported limiting the number of daily sugar attacks and brushing the child's teeth 2-3 times a day, close to 44% of the caregivers reported that their child's teeth were brushed by a caregiver other than a parent. This practice was significantly more prevalent among caregivers younger than 40 years of age. Extended family networks provide a lot of support for caregivers, especially younger ones. Many younger parents are busy forwarding their careers; juggling family and professional responsibilities is not always an easy task. They would, therefore, rely on their support network to deliver the necessary day-to-day care to their children. Additionally, most families in Kuwait hire domestic helpers and nannies to assist in caring for their children. The majority of Kuwaiti parents, particularly mothers, view this support network as a source of help rather than a substitute to their role of being closely involved in caring and supervising the care delivered to their children. Our study find-ings indicated that the caregivers who were involved in the care of more than 5 children had overall weaker practices. This may be due to the overwhelming responsibilities involved in being the primary caregiver to a large family, even in the presence of support network of extended family and domestic helpers.
One of the study limitations is that it was conducted on a convenience sample, although the sample was taken from all six geographic districts of Kuwait, representing the social, economic and educational diversities in the population. The results of this study can thus be viewed as preliminary findings that need to be further explored in future studies conducted on representative samples of caregivers from Kuwait. In addition, attitude-related questions in the questionnaire used in this study assessed general oral health rather than oral health concepts related to preschool children. This may explain the high attitude scores in this study. This needs to be verified in future studies, which should preferably be conducted using a prevalidated questionnaire.
Conclusion
Caregivers in Kuwait seemed to have weak knowledge and practice in relation to the oral health of preschool children. In addition, there is a strong need to address infant oral health-related issues in future oral health promotion efforts in Kuwait. Knowledge was weakly related to the practices of the caregivers. Education and attitude, however, had a stronger and more significant relationship to the practices of the caregivers.
